Depressive symptoms during a medical hospitalization may be an overlooked prognostic factor for adverse events postdischarge. Our aim was to evaluate whether depressive symptoms predict 30-day readmission or death after medical hospitalization. We conducted a systematic review of studies that compared postdischarge outcomes by inhospital depressive status. We assessed study quality and pooled published and unpublished data using random effects models. Overall, one-third of 6104 patients discharged from medical wards were depressed (interquartile range, 27%-40%). Compared to inpatients without depression, those discharged with depressive symptoms were more likely to be readmitted (20.4% vs 13.7%, risk ratio [RR]: 1.73, 95% confidence interval [CI]: 1.16-2.58) or die (2.8% vs 1.5%, RR: 2.13, 95% CI: 1.31-3.44) within 30 days. Depressive symptoms were common in medical inpatients and are associated with an increased risk of adverse events postdischarge.
sion, those discharged with depressive symptoms were more likely to be readmitted (20 Between 10% and 40% of patients are readmitted after being discharged from the hospital, 1,2 and as many as another 25% return to the emergency department (ED) within 30 days. 3 This creates a substantial burden on the healthcare system. 2 Various interventions have been tried to improve the quality of discharge transitions and reduce readmission rates, but results thus far have been inconsistent and generally disappointing. [4] [5] [6] Targeted delivery of interventions to those at highest risk might improve the effectiveness of these efforts and reduce costs. However, current readmission risk assessment models are only moderately predictive, suggesting the presence of unrecognized risk factors. 7, 8 Active depression might represent a potentially modifiable independent predictor of adverse short-term hospital outcomes that is currently underutilized. Depression occurs in 5% to 58% of hospitalized adults, depending on how cases are defined. 9, 10 Depression is often underrecognized and undertreated in acute care clinical settings, 11 and relatively few readmission prediction models incorporate mental health related symptoms. 12 Although several reviews have examined methods of screening for depression in hospitalized patients 9 or the effectiveness of screening in primary care, 13, 14 to our knowledge no systematic review has examined the impact of depression on short-term prognosis after discharge from acute care. Therefore, the purpose of this systematic review was to summarize all studies that evaluated whether hospitalized medical patients with depressive symptoms are at higher risk of 30-day all-cause readmission or all-cause mortality after being discharged from the hospital.
METHODS
This study followed an a priori protocol developed according to PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) criteria. 15 
Data Sources and Search Methods
We searched the Cumulative Index to Nursing and Allied Health Literature, Ovid MEDLINE, Ovid Embase, and PsycINFO from inception to January 9, 2015, and the last 5 years of PubMed for full publications with any of the following Medical Subject Headings: "depressive disorder," "depression," "patient readmission," "interviews, psychological," "inpatients," with restrictions for peer-reviewed publication, humans, adults aged 18 years, and the English language. Search strategies were developed with a librarian (available upon request). We manually searched reference lists of all included studies and relevant review articles and contacted content experts to identify additional publications.
Eligibility Criteria and Selection of Studies
Two authors (J.L.P. and L.M.W.) independently screened full texts of all relevant articles for inclusion. Disagreements were resolved by consensus or a third reviewer (S.R.M.). We considered any original research that compared readmission or mortality after discharge for hospitalized medical patients (ie, general patients or subgroups thereof) with versus without depression identified by any validated depression measure, 16 including any study design that incorporated at least 30-day follow-up postdischarge. We excluded studies that examined patients hospitalized in nonacute care settings or on surgical, psychiatric, obstetric, or intensive care services. We calculated Cohen's j coefficient to evaluate inter-rater agreement on study selection.
Data Extraction
Data were abstracted by 2 authors (J.L.P. and L.M.W.). Disagreements were resolved by consensus or a third reviewer (S.R.M.). We contacted authors of all included studies to obtain missing data. If unavailable, crude data were estimated from published survival curves employing validated techniques in R (version 3.1.2; R Foundation for Statistical Computing, Vienna, Austria) and Digitizeit (http://www.digitieit.de; DigitizeIt, Braunschweig, Germany). 17, 18 We sought information on trial characteristics (country, type of hospital, inclusion and exclusion criteria, sample size, follow-up duration, attrition), participants (age, sex, ethnicity, level of education and social support, comorbidities, marital status), exposure ascertainment (self-report depression screening tool or diagnostic interview for depression), and outcomes (primary: 30-day all-cause readmission or mortality, secondary: 90-day all-cause readmission or mortality, ED visits, primary care physician [PCP] visits).
Data Synthesis and Statistical Analysis
Where possible, we calculated the pooled risk ratio (RR) with 95% confidence interval (95% CI) using a random effects models in Review Manager (RevMan) 5.3 (The Nordic Cochrane Centre, Copenhagen, Denmark). The random effects approach that we employed assumes heterogeneity (ie, underlying parameters vary between individual studies) and is distributed around a mean or "population average" effect, and results in more conservative (wider) confidence intervals, wherein larger cohorts (or studies with smaller standard errors) are given more weight. Heterogeneity was assessed using the I 2 statistic, with values of <25%, 25% to 50%, and >50% representing low, moderate, and high heterogeneity. 19 As per the guidance of Higgins et al., we did not a priori define any degree of heterogeneity that would preclude pooling of the data; the expectation would be that heterogeneity would be substantially higher pooling observational studies rather than randomized trials. 19 Statistical significance was considered a 2-sided P value 0.05.
Quality Assessment and Risk of Bias
We assessed study quality using the 9-item NewcastleOttawa scale with 0 to 3, 4 to 6, and 7 to 9 stars considered low, moderate, and high quality, respectively, and criteria for external and internal validity, including group selection and comparability, outcome assessment, and adequacy of follow-up. 20 Adjusted estimates published in individual reports (or obtained directly from authors) were compared wherever possible with unadjusted estimates to assess the degree of confounding. We generated funnel plots in RevMan 5.3 and conducted Egger tests using Stata 13 (StataCorp LP, College Station, TX) to assess for publication bias. 21 
RESULTS

Study Selection
After removing duplicate publications, we identified 4066 reports and reviewed 133 reports in full text (see Supporting Figure 1 in the online version of this article). Despite our broad study inclusion criteria, we found only 35 longitudinal studies addressing this question. All 35 authors were contacted for additional outcomes data and other missing information (response rate of 34%). We had to exclude 17 studies as they did not provide 30 or 90-day post-discharge outcomes. Only 4 studies had published crude data for outcomes within 90 days, [22] [23] [24] [25] but after contact with authors, we received unpublished data for a further 7 studies [26] [27] [28] [29] [30] [31] [32] (including individual level data for 2 cohorts). 31, 32 We were able to estimate crude data from Kaplan-Meier curves for another 3 studies. [33] [34] [35] Another 4 studies did not collect the outcomes we were interested in individually. These studies were included in this systematic review but are not poolable in our models: 3 authors could only provide composite endpoint data, [36] [37] [38] and 1 author provided unadjusted hazard ratios. 39 Inter-reviewer agreement for inclusion was 80% (Cohen's j 5 0.60).
Characteristics of Included Studies
The 18 studies ranged in size from 58 to 1418 patients; 13 were cohort studies and 5 included secondary data from randomized control trials. 22, 27, 30, 34, 36 All studies ascertained depressive status by screening during index medical admission with either diagnostic interview or self-report questionnaires, although a variety of scales and definitions for depression were used (Beck Depression Inventory [BDI] in 6 studies, Geriatric Depression Scale in 5 studies, Patient Health Questionnaire in another 4 studies, Medical Outcomes Study-Depression Questionnaire in 1 study, and Center for Epidemiologic Studies Depression Scale in another study) ( Table 1) . Screening interviews were conducted mostly by research assistants or nurses (68%) or selfadministered (21%). Most studies examined specific medical patient subgroups (10 cardiac, 3 pulmonary, and 2 elderly). Major exclusion criteria reported were terminal illness (4 studies), unstable condition (6 studies), severe cognitive impairment (5 studies), and suicidal ideation or known depression (4 studies); 1 study enrolled patients with suspected depression (Table 1) . Patient cohorts were on average older (range, 50-82 years) ( Table 1) . Attrition rates for readmission and mortality data were low (average <1% among entire sample of studies). All studies scored at least 5 on the Newcastle-Ottawa scale and were thus considered of at least moderate quality (see Supporting Table 1 in the online version of this article).
Prevalence and Recognition of Depressive Symptoms
The range of depression prevalence in hospitalized medical patients was 14% to 79%, with a median of 32% (interquartile range, 27%-40%) ( Table 1 ). In those studies that used a diagnostic interview, the prevalence tended to be lower for major depression, with a median of 17% (interquartile range, 16%-22%) ( Table 1 ). None of the included studies reported frequency of clinically recognized depression (ie, prior to screening for the study). Only 2 studies assessed the persistence of depression after discharge: 1 reported that depression persisted in 53% (by screening questionnaire) and 34% (by diagnostic interview) of patients at 30 days, 38 whereas the other reported 48% persistence at 90 days after discharge according to a combined screening method. 37 
Hospital Readmission
Overall, 8 studies provided readmission data. Among patients discharged from acute care medical wards (4 studies reporting on 5 cohorts), 395 of 2433 (16.2%) patients were readmitted within 30 days (Figure 1 ). Hospitalized patients with depressive symptoms were more likely to be readmitted within 30 days after discharge (20.4% vs 13.7%, RR: 1.73, 95% CI: 1.16-2.58, P 5 0.007, I
2 5 55%) ( Figure  1 ), compared to those without depression. Results were consistent for 90-day readmissions (39.8% vs 31.0%, RR: 1.68, 95% CI: 1.13-2.50, P 5 0.01, I
2 5 76%, n 5 1543 patients) (see Supporting Figure 2 in the online version of this article) in 6 studies. One individual study examined readmission within 6 months after discharge, but was not poolable in this model, as it presented only hazard ratios and not raw data; however, it did report a 50% increased risk of readmission in medical inpatients aged 75 years (adjusted hazard ratio: 1.50, 95% CI: 1.03-2.17, n 5 401). 39 Mortality After Discharge Overall, 11 studies provided all-cause mortality data. Among medical patients discharged from acute care in 9 studies, 69 of 3397 (2.0%) patients died within 30 days (Figure 2 ). Medical patients discharged with depressive symptoms were more likely to die within 30 days (2.8% vs 1.5%, RR: 2.13, 95% CI: 1.31-3.44, P 5 0.002, I 2 5 0%) ( Figure 2 ) compared to those without depression. Similar results were found for 90-day mortality (7.7% vs 4.1%, RR: 2.01, 95% CI: 1.47-2.76, P < 0.001, I
2 5 4%, n 5 3784 patients) (see Supporting Figure 3 in the online version of this article) in 11 studies.
ED and PCP Visits
Four studies examined the use of ED or PCP services within 90 days of discharge, but 3 did not have extractable data for meta-analysis. All showed increased utilization of health services for depressed compared to nondepressed patients after discharge. 22, [36] [37] [38] Depressed patients were more likely to visit the ED (adjusted incidence rate ratio: 1.73, 95% CI: 1.27-2.36), 36 had significantly more medical encounters (eg, PCP, ED visits, hospital admissions, laboratory tests, and home care [mean 2.9 vs 2.6, P 5 0.05]) 38 and had a greater number of ED visits alone (27 vs 15 per 100 patients, P 5 0.007) 22 within 30 days of hospital discharge compared to nondepressed patients. Similar results were found at 90 days. 36 
Sensitivity Analyses
All told, most studies reported a positive association between depression and adverse events, and this was true regardless of how much adjustment for potential confounding had been undertaken by the authors. Although all studies were qualitatively in the same direction, the magnitude of the association varied due to methodological and/or clinical heterogeneity. Sensitivity analysis revealed no overall difference in pooled risk ratios or heterogeneity between Mantel-Haenszel fixed effects versus random effects models or with the addition of 0.5 to cells to permit inclusion of zeroevent data. There was no evidence of publication bias; funnel plots and Egger test results are available upon request. There were no statistically significant differences in the risk associated with depressive symptoms whether studies used Diagnostic and Statistical Manual of Mental Disorders (DSM)-III or DSM-IV criteria, whether the study samples were disease specific or unselected general medical cohorts, whether studies were of moderate or high quality, or regardless of the severity of depressive symptoms.
DISCUSSION
Summary of Evidence
We found that depression was common in medical inpatients (about one-third of all patients) and persisted for at least 30 days in up to half of those patients after discharge. We found strong evidence of an association between depressive symptoms and poor short-term prognosis after discharge from the hospital: a 73% increased risk of readmission and a 2-fold risk of death within 30 days compared to patients without depressive symptoms with similar results at 90 days.
Our meta-analysis complements a recent systematic review that found concomitant depression to be a risk factor for poor prognosis among inpatients and outpatients with acute coronary syndrome, 40 and a metaanalysis that demonstrated an increased risk of 2-year mortality among patients with depression after myocardial infarction. 41 To our knowledge, our study is the first to quantify the short-term postdischarge risks across a diverse group of medical inpatients.
The potential mechanisms underlying the observed relationship between depression and adverse patient outcomes after discharge are likely multiple. We believe there are 2 main possibilities. First, the increased risk associated with depression might be due to residual confounding, even though many of these studies did adjust for extensive lists of comorbidities, 22, 24, 26, 27, 29, 30, 33, 35, 36, 39 including functional status 39 and prior health services utilization. 22, 34, 36 This could occur if other risk factors were not sufficiently adjusted for, such as unrecognized comorbidities or concomitant disability, which are often present among chronically ill patients, 42 or if depression were a marker of psychosocial risk factors such as anxiety, 43 stress or poor resiliency, 44 or low social support, 45 though a few adjusted for psychosocial factors such as social support 26 or anxiety. 35 Confounding could also occur if symptoms of acute illness inflate reports of somatic symptoms of depression on self-report questionnaires. Recent studies on the BDI, found that scores were higher in post-myocardial infarction patients when compared to outpatient controls, 46 but with no differences between those groups in scores for the BDI-II, 47 a version with fewer somatic symptom questions.
Second, depression may cause adverse outcomes through indirect or direct pathways. Indirect causation could occur if depression hindered self-care behaviors such as medication adherence. 42 Depression could also act directly through pathophysiological changes. Some studies have suggested that depression is associated with metabolic abnormalities, including alterations in glucose transport 42, 48 and increased vulnerability to obesity, type 2 diabetes mellitus, and/ or diabetic complications, common conditions among hospitalized patients that also adversely affect postdischarge outcomes. 40, 48 Strengths and Limitations This review has multiple strengths. We cast a broad search and included studies that examined a wide range of medical patient subgroups, thus increasing the generalizability of our findings. We identified a general scarcity of studies on this topic and obtained additional unpublished data for 10 of the 18 relevant studies, and our response rate of 34% is compatible with the 37% response rate reported for Cochrane reviews when seeking additional data from authors. 49 Whether examined qualitatively (vote counting of the number of studies that showed an association) or quantitatively (via formal meta-analysis), it seems apparent that there is a clinically important association between depression and postdischarge adverse events, but given the number, quality, and heterogeneity of the studies we examined, there may be some ongoing dispute about exactly how strong this association is and the degree of bias contributed by a couple of large studies of the topic.
There are limitations to our review. First, as we did not have individual-level patient data, we could not use metaregression to explore sources of heterogeneity (clinical or methodological) or adjust for confounding, and this likely contributes to observed differences between individual estimates. For instance, the included studies had heterogeneous screening measures and cutoffs; thus, all cases of "depression" in these studies might not be equivalent. Some of the included studies assessed depression early during admission where psychological distress may be greatest; others assessed symptoms closer to discharge. Most studies included patients with specific conditions like heart failure or chronic obstructive pulmonary disease rather than a wide spectrum of medical inpatients. Moreover, few studies adjusted for psychosocial risk factors such as social support, anxiety, and functional status, and only 2 studies assessed the persistence of depressive symptoms after discharge. Second, we did not explore quantitative measures of between-study variation (eg, I
2 ), because experts question its utility given the expected heterogeneity in meta-analyses of observational studies. 50 Third, although the included studies were deemed to be of at least moderate quality, they could be at risk for sources of bias that may not be sufficiently appraised by the current version of the Newscastle-Ottawa scale for observational studies. Finally, we excluded grey literature (eg, conference proceedings or technical reports) that could potentially exclude null findings, although we did contact authors in this field to identify additional unpublished data relevant to this topic.
CONCLUSIONS
We have confirmed that depressive symptoms are common in hospitalized medical patients, frequently persist after discharge, and may predict greater risk of readmission or death after discharge. Thus, depressive symptoms are an additional marker that clinicians can use to help identify patients in acute care medical settings who may be at increased risk for suboptimal transition back to the community and who may require additional resources after discharge. However, future research is required to evaluate whether treatment of individuals who screen positive for depressive symptoms can reduce 30-day readmission rates, and we are aware of at least 1 relevant ongoing trial (ClinicalTrials.gov, NCT01840826). We believe our study supports calls for clinicians, nurse practitioners, physician assistants, or pharmacists to screen medical inpatients for depressive symptoms prior to discharge and supports the need for trials of interventions (such as multidisciplinary collaborative care that might include inpatient psychiatric teams, advanced practice nurses and social workers) to optimize discharge transitions for these high-risk multimorbid individuals.
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